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COMPLETE SPECIFICATION 

C^tMd And tibaraGferira»1io]i of Catalytic 
craddng processes 



We^ Aiosn. Oil CoBtowaoK, a cor- 
poiatioa oxganbed undo' the laws of tbe State 
of New YtHck, XJzuted States of Amenca, 
located at 150 East 42ad Street New Yodc, 

5 New Ya± i0017> United States of America, 
do herdiy declare the inveotian, for wludi 
we pzay that a patent may be granted to us, 
and the s^od by whidi k is to be per* 
fbnncd, to be paMailafly desOfibed iti and by 

10 the following statement: — 

This ixmntion is directed to a mediod 
and appaxatns for the control of catalytic 
processiE^ preferably oraddng, of hydro- 
carbons. bAiie. specifically^ this invention is 

15 directed to the application of ultraviolet 
spcdranetric and nuclear magnetic resonance 
techniques to the control and characteriza- 
tion <rf hydrocarbon catalytic conversion pro- 
cesses. These analysis techniqws are \sssd 

26 individiolly ch* in cmnbinadmi in this inven- 
tion to predia the cracking characteristics 
of the fee<btodcs. In particular, the predic- 
tion <^ coke laydown on catalytic materials 
is used in a feed forward or feedbad: ctm- 

25 trol looip to vary proce^ parameters and 
ther^y to greatly improve the present mahod 
of hydrocarbon conversion, esiKoaUy catalytic 
cracking. 

uy Theobt and Tecbniqde 
30 It has been known for many years that 
ultraviol^ absorption ^ectxa are of great 
value in qnantitative organic chemistry and 
in tbe determination d mokcnlar strucuues. 
It has been found that polynudear ananatic 
S5 materials Imve very incense absorptiaii bsads 
in the electromagnetic wavelength range of 
2000 to 40001. Other materials sadti as 
pftTftflBwt^ r>flphfh<w?s and monocyclic aro- 
matks exhibit very weak or negligible absorb- 
40 ance m this range. Tl^ ukravmkt ligjte tsed 
for the present feedstock charactenzaoon 
techniqoe is radknt ene^ lying in a certam 
region of electromagnetic spedrms. The 



portion of tiie electio^nedc ^tittsm of 
interest in the present context is the near 
ultraviolet^ particularly around 30001. 

The theory of ultraviolet spectn^hoto- 
metry is well defined at presem and will 
only be refened to briefly. 

When an organic molecule b eiqxysed to a 
continuous spectmm of etectromagnedc 
xadiffdony cntain wavelcagdis may be ab- 
sorbed, causing excitation of die molecule to 
a higter energy state. The energy dif erence 
between ihese states detenoines the wave- 
length of tbt aboHbed lig^t Many factors 
influence the dif^oence in energy values be- 
tween the states. Resonance is important in 
determining the electronic configuration of 
both the ground and excited states. This 
difference fixes the absorption wavelength. 

The ultraviolet spectra to be dealt with in 
the present work ate absorption spectra whkh 
result largely from transitions of the elec- 
ttons of molecules to various energy states. 
The quantum mechanical inteipretation of 
d)sorption is that ext&^ changes produced 
by light absorpticm occur cmly in integml 
multiples of a imit of ^lergy. The position- 
ii^ of these discrete quantum mechanical 
levels depends on the mdemlar structure of 
die abscnbing species. Ultraviolet radiation, 
when passed throng organic material will 
tiuB absorbed ve^ Stfwigly at Specific 
wavelengths, called the absorption spectrum. 
It has t^n found that certain polycyclic aro- 
matic mdecnles in p^roleum absorb strongly 
near very ^ecific wavelengths and exhibit a 
muque absorption pattern. 

A basic law in this field is that of Beer^ 
which states diat the amount of light abs(»bed 
in a layer is ^oportional to the number (con- 
centration) of abs(Kbii^ mdecoles in the 
layer. 
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I =s Transmitted light intensity 

= Incidoit light intensity 
T — Fracti(m of light transmitted 
E = Molar extinction coefficient 
b = Ceii thickness 
c = Gas oil density 
M=: molecular weight 



njeasoring wavelengths equally. On-line 
analvsJcan be conducted at pressures up to 
aSltcmpeiatures up to 700°F. Saxnpk 
cdl ddckness range from .002 inches to lA 
feet Response time.of aboirt .001 !^ 
be attained with suitable cell design. Addi- 
tional information on ultraviolet mstrumenia- 
tion can be found in "Ultraviolet Spectra of 
ixomatic Compounds^ byFricdd and 6idmL 
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The quantity log T is referred i» as tte log 
molaf jadnction cocflld<ait." The Qoannty 

E . . 

K (=— ) is the "specific extinction co- 

M 

cffidenL" The essence (rf die uhraviola tcdi- 
niqiK is to determine the K vahKS over die 
2dc spectrum By determining the^ 
mittanccs, T, at each wavelength. The ap- 

and ncm-absorbiog matenals o pr^nKmai , aeneratine a signal leprescntatiye 

Thas, for ommple, if we seek ffle . ^ and affptftag said 



The PaESENT iNvaraoN 
Thus by a broad aspect of the presort m- 
vention there is provided a methc^ of con- 
trollmg the processing of a hydrocarbon- 
containing f eedsiods by analyzmg a sample 
of the fe^tcdc, the mcdiod compnsmg sub- 
jecting said sample to an ultravidd sp^ttOr . 
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wise uttiiopo**-"*- — \ 

value is propordonal to the aromatics con- 

centration. , 
A tvpical system of instrumentation used 
in this favenfida is the 'ThiPont 400 Photo- 
metric Analyzer." This instrument is fuUy 
described in a scries.af jjubUcancos by t^^^ 
Instrument Products Dmswn of the DUPont 
Company. It may be designated as an on- 
line split-beam photnmcCtf. The sample 
stream flows continuously throo^ the sample 
ceU. The term split-beam refers to die divi- 
sion of the incident (diffuse) light >ntojef er- 
encc and measuring beams after light has 
passed through the sample. In a typical 
anangonent, radiation from a selected hght 
source passes through the sample and th^ 
into a photometer unit whc^e it is split by 
a ^mi-transparent mirror into two beams. 
One beam is directed to the measurii^ photo- 
meter dirou^ an optical filter which removes 
all wavelengths except the measured wave- 
lengdi. This wavelength is strongly absorbed 
by the sample. The second beam falls on 
the reference ^otodectric tube after passing 
an. optical filter which tiai^ts only the 
reference wavdengdi. The latter is aba?ibed 
only weakly or not at ail by the constiwent 
in the san^le ceD. The photodeciric mbcs 
translate these intcnaties to pn^«ffii(HBl 
electric currents in the amplifier. In tte 
an^Iifier, correction is made (by Ic^arithmic 
an^lificrs) for the logarithmic relationship 
between the ratio of the intensities and con- 
coitration (or thickness) in accordance with 
Beec^s law. The ooqrat is, therefore, fincar 
With sample c0ncentrari(Hi. Use of the ^Ut 
beam techmque i^^>lics that c&angs iii 
source intensity during anaiysisj, <» the prcOToe 
of bubbles or particulate matter in the sample 
cell have virtially no cffca on tbt accuracy 
<rf the analysis. The presence of ai^ extraneous 
nmtter will bias bodi the reference and 



By another broad aspect of the present 
invention there is provided an apparatus for 
diaractcrizing and controlling the cat^[»c 
cracking of hydrocarbon-omtainii^ feed- 
stocks by analysis of a sample wMdi com- 
prises ultraviolet spectrophotometnc means 
which generates light of a wavelength pre- 
dictive of the cat^tic coking tendency of a 
sample passed thererfirough and generates a 
signal representative of the li^ transmitted 
torn, or absorbed by, said sample, nuclear 
magnetic resonance means which generate a 
signal rtpreseniative of Ac hydrogenoxbon 
groupings of said sanq>le and control means 
responsive to said signals to vary a para- 
meter of said catalytic craddi^ process. 

Preferably said light comprises componoits 
^idi a wavelength from 2800 to 3200A. 
Ahemativeiy a substantiaUy single ultraviolet 
wavelengdi beam at 3022zfc5ai and at lea^ 
<me further wavelengdi beam above 2000 and 
below 30221 or above 3022 and below 
4500a are passed dirough die 

Witii rdfercnce to the drawings, FIGURfi 
1 is a plot of the weight percent coke on 
catalyst vs: the ^cdfic extinction coefficient 
at 3022a, and • 

FIGURE 2 is a plot of the weight percott 
Conradsoa carbon vs. die weight percHit gorc 
on catalyst. 

It has been found that the gas-oil cote- 
forming characterization problem reducK 
largely to the identification of polycydic aro- 
matics. niere arc two large classes the 
cata-amteiscd and die peri-amdenscd piay- 
cyclic aromatics. Exampks of the fcraner are 
amixraceEE;^ phenandirene and dirysene, and 
examples of die latter arc pyroie and fluOT- 
andiCM. The great majority of polycyclk 
aromatics lave tfifee weJWcfined band 
systems in the oltravioM. For example, in 
the qiccttum of 2,3-dimedi^phthaIcQe 
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tbere is a very intent band at 2263A, log E q>ecie5 do not have to be identified sroaiately 
eqiMd 5.18, at 2778a there is a Iras intense A fiirther embodiment of this invention 
band with Jog E equal 3.78 and at 307OA — - ' . . 

there is a weai band having kg £ equal 2.76, 
Ilrese tinee bands aic tj^ksd of pdycydic 
aromatic matenab and are called reqpectivdy 



^ bcta^ para and alpM band. TM ^e^nim 
of l,238-trimeth]dpbenantfare&e e2du1)its these 
bands at 2«H, 3071 and 3375A. spec- 
tniBi of an^iraoene is shifted j^Htta: to the 
longer wavdeogtfi. It has now bec^ dis- 
covered that dKK is a uniqae in tl^ 
nltranoltt spectra at 30{K>— 3050a which cor- 
relates very wdl witii tiie catalytic coking 
characteristics of petrdeum hydro carb ons. 
Less important peaks exisr on ^ber side of 
this main peak, ran^g from 2CWp t» 4000iu 
For exaiE^ peaks exist at 2250— BMA 
and another at 3800— 3900A. It has been 
found that tbers is very little nuitiial inter- 
ference bttwcen the peaks from Ae main poly- 
cydic aromatic types at these wavde ngda. 

Prenously, the tedndqm of ultraviolet 
spectrophotometry have been dnected to 
25 analysis of pure organic con^omds, J^ud- 
ii« Vwhcyc&s. However, craclnng fcedst^ 
^SsSTof an enormously com^sBmwre rf 

matics as well.as otb«.«?«?^^f^^ 



^- „ invention 

mvolves the combined use of ultraviolet 
^)ectn}photQmetry and nuclear magn^ 
resonaiKc to characterize- |KXroleam ted> 
The midear magnetic resonanoe 

determines fiie types ^ hydrogoi 

atiHns in the stodc and liius yields an indica- 
tion of the molecular spedes present The 
NMR results yidd dmiled inf (Bssdum re^ 
gaiding the crackability and product spec- 
trum erf feedstocks. The combined UV— 
NMR tedmique permits an a pri or i predic- 
don of the individual products (methane 
tinoui^ Oft gasoline) for a wide variety of 
petrdeom feedstocks. The rmckar magnetic 
lesGsmnce technique is well known in t& art 
and a dMdsttSe telateid to iti nse iii thd 
'petrdeum field may be found in U.S. Patent 
No, 34^3,756 to Williams et al. 

EKFERIMSllTAt TECamQDE AKD REStTLtS 

The cata^rst employed in the present wodc 
was a cammerciaiiy aged isynthedc bead 
catalyst , ^. 

The charge stodks used to coke this cata- 
lyst are listed in Table 1. Each diai^ stodc 
listed chaiactBriajed by its specific grav«y, 
sulfur content^ rtogiea content, boiling point 
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w range in motecular wdght^^The heart 

• An essential feature erf ttof^^^^ 
40 terization technique is ^. 

fonn an on-hnc p^&^rZu^ „^ 



a soUd material throo^ .win* a gas ts 
flowing. The technique consists of sus^d- 
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The same 35.1 gram ^mpie of catalyst 
was used in each run. Oil was fed to the rc-. 
aaor at 114 cc/hr (102 gms/hr) at 950**F. 
Jive cc/min mtn^pa (STP) was fed 

5 witii 1^ oiL Thus, the pardal pr^soze of 
tte oil In die xeactor was 143 psia. After 
ead coikiiig run, €be catalyst was stripped to 
completion for 20.0 minutes. The catalyst 
was r^enerated in air by slowly raising the 
reac t or temperature to no hig|gr than 1200**P, 
imtil buxnoS was complete. 

As is wefi known, "coke*' on catalyst con- 
sists of slow and fast coke. Slow cdkt is 
considered to be the common graphite, turbo- 

15 sttatic tfructme and is takoi to be that which 
is left on the catalyst after suippiug to com- 
pJetioo. Fast coke is copsi^eted .to be. desoxbr 
able hydrocarbon and is defined to be etpsai 
to total coke minus slow coke at any tmie 

20 from the b^inning of stripping. 

Omseqa^y, the measoxe d dm charge 
stock coking charaCterisdc must indude both 
fast and slow co&e in <»der to be |»actically 
useful The quandtattve measure of charge 

25 stock coking used was the total (fast plus 
sbw) cdEe (m the catalyst after 6.0 minutes 
exposure to the oil at 950°F. and 45 seconds 
of. stripping (stripping taking- place at the 
o&ing temperature of 956^F.). This cone- 
lb 

30 sponds to a catalyst to oil ratio of 3.55 (— ) 

lb 

lb 

and a ^ace velocity of 2.90 ( ), This 

Ibhr 

is referred to as "Standard" coke on catalyst 
lyst 

Hie UV spectra of the charge stocte were 
obtained on a^^C^ Model 14 instrumem* 
tht aj^jarent K values at 2288 and 30^ 
were computed from measurement tcansmit- 
tances from Eq. (1). Samples were diluted 
with isD-octane to dxtsda transmittances in 
the range 10 to 60%, CeU thickness, b, was 
l.(K) cm. The experimeitiBl R values are 
shown in Table 1. 

The data for the charge stocks of Table 1 
were subjected to a least sqimes regrraiim 
45 analysis using ilie following linear equations. 

(2) Q)*«A+BK«ei+CK,.« 

Where Cp* is the pttdkted rrfe 

The constants in Eq. (2) were: A=:.302, 
50 B=.000886, C=.0685, avetap deviation^ 
±.(H18 WL% coke m cata^ Gonstants m 
Eq. (3) woe: A ==.282, C=.0661, average 
^matifla=r.±:,0346 wt:% coke on calalys. 
A summary of the observed vs. computed 
55 coke on catalyst fw da diree and two-con- 
stam r^iessinns of Eqs. (2) and (3) is ^Kwra 
m Table 1. ft can be seen that the two- 



constant relation of Eq. (3) is almost as good 
as the three-constant fit from Eq. (2). The 
average deviation of .0346% coke on catalyst 60 
is a small. error relative to those associated 
with regenerator temperature measurements^ 
Thus, the 3022A wai^ength^ alcmc. is a very 
effective means of diaracterizing feedstocks. 
This is an extremely fortunate occurrence 65 
and greatly simplifies on-line instrument appli- 
cations. Knowledge of the mt^ecolar ^»des 
detected at 30221. is a suffidendy aocuxate 
rate ii^catot of all die other materials pre* 
sent to allow reliabk corrdauon. Figure 1 7^ 
shows die eiqierimental coke data plotted 
against the absorbance R value at 30221. 
The solid line is die best fit least squares 
regression analysis on Eq, (3), In view of the 
somewhat diverse molecular species associated 75 
with: each wavelength^ it was liot obvious that 
such a connection witii a single wavelength 
could be established. 

The intend mayimtrm does not neces- 
sarily occur at 3022a. However, since this 80 
peak is always reasonably flat, a reading at 
d:50Li from the absolute peak maximum 
does not significandy afiect the results. There- 
fore, a reading of peaks at fixed waveltesgtiis 
result in an accurate analysis. 85 

Additional data for die charge stocks 
obtained by measurements at 3850A were 
subjected to a least squares r^ression ana^rsis 
fit to die linear equation of die form: 

(4) Qp*=Al+BKt«8 + CK5««+DK,,^ ' 90 

However, the relatively small change in aver- 
age deviation (.0276% to .0346%) dsserved ' 
in c<Hnparing the four- and two-crastant fit 
of Eqs. (3) and (4) indicates that^ for o&- 
line control, use of the single wavdcngth of 95 
30221. is indicated. 

The data of Ts^le 1 were subjected t6 a 
least squares regression analysis talmg hito 
account die concentration of sulfur phis rdtro- 
•gen in die feedstock, Indi^on of ^ese con- 100 
centniti(ms reduced the average deviation only 
a minor amount Although die indusion of 
the sulfur phis nitrogen conoenttatiai pufled 
the oardatlmi togedier smnasriiat, the effect 
was not of major significance. 105 

Table 1 contains data indicating the Con- 
radscm carbcm content of each <rf the feed- 
stocks. The Coiaadson carbon test is a pro- 
ceduie for the determination of the amount 
of q rbon residue left after evaporation and 110 
pyiolysis erf an oil, and is intended to pro- 
vide some indication of relative coke form- 
in g prop enaties. In diis method a wei^ 
qnantity <rf a sample is placed m a crodblc 
and subjected to destructive distillation. At 115 
die end of the spedfbd heating period, die 
test audhle containing the carbonaceous resi- 
diK is ojoked in a desiccatitt and weired. 
TBe residue remaming is cakulated as a 
percentage of die original sample and reported I2Q 
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as Conradson caibon residue. TTus Comad- 

residue is a 
^i^^cbaracterization factor which shouW 

^haaafe dealt with in tbe present la- 

that the Conradson caAonresidue cd<^^ 
^ coua be predated 
analysis in the wavdengtb ^ «rf f^J^^ 
to 400O1 (U.S. Parent No. 3,121,677 to 
CoiS^ and Norris). Ho«c«r, it has new 
that an analysis Comadsra 
S residue is not predictive of «te lay- 
down. TTiis condusion is suKiorted by a 
Seration of Figure 2 whi^is a pta cf 
weight percent Conradson oibon vs. wa^ 
^t^Se on catalyst Figiite 2 demtm- 
^ that Conradson carbon dSas virnaUy 
^useful infonnation on catalytic coking 

^^'^rS^a.bility of *e ««hod of^ 
iaromon to various P^^'^.J^^ 
Craddng (TCC) operations ts denwd as Jol- 
tows Fonnation of total cote, on catalyst 
either ia laboratory or comiMKial units » a 
fimctiim <rf the fdlowing variables: 

1. Type of charge stock. fi(^ 

2. Type of catatyst. f j{C) 

3. Temperature of ctadong qjeration. 

fs(T) 

4 Paroal pressure of oil. 
5. Contact time d the cata^ with ofl m 
reactor section. f>(ts) 



on catalyst has been estenavcly 
Fast phB slow cote at conditions "?«PO»f- 
hTto conunetdal catalyst orculaoon raw 
toVbecn detemuned over wide temperature 

funcdon faCT), which 
for the temperature efccts, can be t^ to 
be approximately a constant, namely, unity. 

(9) f,(T)=l (const) 

The influence of pressure on cote fjm- 
noa has been thoroughly mvesttga^ by 
others. For a specific charge stock, a*e on 
catalyst at fixed on-siream ame is a Imear 
funcrion of pressure at pressures above 1 
atmo^here. 
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(10) C=Cx[l+A,(P-l)l 

To extend these results somewhat to appty 
to partial pressures and any charge stock, 
the following omdnfflwi can be stated: 

(11) C=C.[ll.+A^.-l)l 

Or, any charge makes, say 50% more afte 
at a pMtial pressure of 1 J atra. than tt dpa 
at 1.0 atm. The fj(^) function ia Eq. (5) bfr- 
comes 

(12) f.(P,)=ll.+ A,(Po-l)l 
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whidi could be considered at the "normalized 
pressure function". 

The cvahiation of the effect of catalyst 
itsidoKe rime involves d etermini ng the form 
of the function f,(ti) in Eq. (5). It has loi^ 
been known that slow cote forms apprwn- 
mately as the square root time. Howevo^ 
the situation is more aHiq)licBted in that both 
fast and ddW must be co nsider ed: 

Experhnental investigations have been om- 
ducted to determine titt effect <rf caialy* cok- 
ing and strippng time on total cote on 
catal^ The results of these studies mm 
that, bttween six and ten minutes connqs 
time, the total cote on catalyst bm m 
Total <3fflrge is approximate a Imear func- 
tion of the catalyst tesidoice time in the le- 
V'/ 'iv/ — » I actor This is shown to be true over a wide 

"c^^ 'ir^^'^Zr^,. e^- between fast and slow cote in tbe_«8«« 



The total ct*e on catalyst (fast plus dow 
35 a&e) is exptwMd as a product of the various 

^mctKms listed above. 

(5) C=[f.(S) f.{C) f.(T) m ff^] 
Eq* (3) can be wntttn, (A=.282, 

C 

40 (6) Q)*=:A+CKso«=A[l+(— )Ks.25] 

A. 

Cmnpariam of Eq. (5) and (6) reveals 
that 

(7) fi(S)^A.[l:+Akit««l 



The ^ea of tbe feedstock only is ex- 
messed qoanmaiwcly by Eq. (7)- ^^^^ 
fiuencc of the catalyst type, as embodiedm 
iJQ has to be evaluated iadcpeadcntly. The 
inftuexwc of catafyst only <m coking^propof- 
ties can be tafcea into account by a "catalyst 
c^^ttacteiizaticH! facsoi" Ac. 

(8) f2(Q=A« 

The influence of uj i ipe i atui e on total coke 



between fast and slow coke in the teaonr 
and stripping section. Thus, the k functtott 
in Eq. (5) is 

H Catalyst holdup in tbe reactor 

(where — = ") 
FC Cata^flowxate 

H H 
(13) f.(tiO=[l+AX— )]; where -=ta 
FC Fc 
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iriikh on be deagnated die "nonnalized (13) into Eq, (5) yields the SmI 
catalyst residence time function." equation for predictmg coke nake. 

Substitntum at Eqs. (7), (8), (9), (12) and 



(14) C=A.A.tl5+AJK»«Hll+ A,(P.- 1)111 



It is that Eq. (B), in any partiaito 

case, can be iq^daced by whatever functiaDa} 
fma is indicatEd by the podnent eagperi- 
10 mental data. 

NMR TEcaiNiQXJB 
A midear magnetic resonance analysis can 
be comfained witb tbe UV tcdmique to moni- 
tOT petroleum feedsCDefcs and control their 
15 procesang. By means of NMR the hydrogpi 
distributian throu^Knit a gas-oil can be clas- 
sified according to f<m types; 



A=Wt.% hydrpgea aa aranatic rings 
B= WtVct hydrogen on caxboiittto axtunsiic 
20 ring 

0=Wt.% hydrogen imCH and CH, carbon 
atoms 

Ds=Wt.% hydrog^ on CHa casbons 

This breakdown rf types <rf hydrt^en is a 
25 useful iodicator of feedstock quality. Hydro- 
gen in daSses A axid B is vircuaUy unavail^ 
aUe for conversion into useful products. 
This is because pcdyq^ aromatic rings 
aie nearly uncrackable under cQmrnerctal con- 
30 ditions. Also, ade diains on polycydics 
usually crack off m the ft posfdoaOg leaving a 
carbon attadied to the nqg. Ttm^ 
liydrogpas on xtng^ or on caibon atoms a to 
aromatic rings are dtber going to tad up in 



Ac cxAji or in the very heavy recydc or syn 
tower bottoms. (A "syn towef is the fac- 
tionating tower used to separate the products 
of a catalytic cradang unit.) Thu5» th^ may 
be discounted as being essentially unavail- 
able for conversion into useful product. 

The C and D hydrogen cla^ yield a 
vay good indicarinn of the quality of the 
gas oH charge. For example, a higji ratio of 
D to C (i£, CHs to CSffi+CHi) indicates 
either a high degree of chain branching cjr a 
short ehain length in the paraffinic fraction. 
A higji ratio of C to D indicates a higjdy 
ns^iithenic or long-diain normal paraffin stodc 
Th^ lines of reasoning can, of course, be 
esctended as far as is desired. However, 
statistical methods will be used in a specific 
embodiment to establi^ quantitative relation- 
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As an example of the use of die combined 
UV and NMR tedmiques for characterizing 
catalytic cracking product distributions, the 
followii^ three tables are presented. They 
show that the specific products d Oif.+gaso- 
Hne^ propyloie and is^utane are very well 
ptedidsd. The conveisioQS and product dis- 
tributions were determined from fixed bed 
crackii:^ over cmnmerdally aged catalyst 
beads at fixed qierating condirions for all 
teeasoKKs. 



Table II 

n .inrimi of a+ Gasoline wirii Ultraviolet 



Cg+ Gasdaic Tvdi 
(Wt. % of C2wrge) 




liters 

Y ^ UV absorbancc K ) «^ 

gmcxD 

X. = wt % hydrogen on attnMtic ring by 

Wt % l^drog^ '"^ « ^ 

3^ = Wt % hydiogcn in CH md CH, groups by NMR 

Xs = Wt % hydrogen in CM, gnwj» by NM& 

^Thc fi«dstock nnmbcrs correspond to those in Tabk 1. 

Tabu m 

r Yidd with Utaariolet Spectro^jotomtny 

Propylene Yidd 
(Wt % of Caiarge) 



Feedstock * 
10 
2 
6 
12 



.67 
2.^ 
4.57 
22j7 



5.9 
2.8 
6.2 
19.1 



3.2 
8.3 
17.0 
23.8 



X4 
47.8 
66.5 
50.6 
44.9 



43.1 
22.4 
26.2 
12.3 



Predicted 
4.03 
3.46 
1.65 
1.03 



Observed 
4.05 
3.24 
1.67 
1.25 



* m ftrfstock iBBtibw eoriespoiri to 
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Corrdarioa of Isobutane Tidd witJi Ultraviolet SpcctrophcsJometry 
and Nudear Magpgiic ResonanGe 

isobatane Yidd 
(Wt % of Oiaigs) 



Predicted Obsaved 



10 


.67 


« 

5.9 


3.2 


47.8 


43.1 


4.59 


4.66 


2 


2.82 


2.8 


8.3 


66.5 


22.4 


2.83 


2.82 


6 


4.57 


6.2 


17.0 


50.6 


26.2 


.917 


1.06 


12 


22.7 


19.1 


23.8 


44.9 


12.3 


.572 


.860 
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Itt odi case, the predicted values of ae^odnct consent m ^^^on^ oi)^^ 
natsaoa on an eiptifln invdving the five parameters Xy X,, X«, aad inBow. 

in TaUts 2—4 are ufastiaine only. 
* n» feedsnxi nnmbors eootte^wnd to Aose in TaWe 1. 

It n«m be emphasized, ^t «^ .sui^ ^ g^-gg ^j^ttiX 

10 Ei^^^fe^ 

^^^iw^nSlmds wffl4aioTO to iraaicing mvendon is to use it to srt ite opeHrtmg con- 
leadily by meflwds welHaunm ro p««ianB ^ ^ unit such as 

*"Ai^;h« rfflnWned UV— NMR technique space velocity or catalyst/oil ratio. . 
15 „ ^cal plant For example, hydrocnu*. ^ crack! 

ance ^Z*" ^^sis and control of all downstream faalmes 

20 resonance spectral smits. '^"j' "* . 

^^com^ial application of the UV and such as a gas plant. 

^ fSi^ ftSrogh of a wavelength indicative of 

^ ""t^^S^^i^ » teSSf coking tendency, 

S?yr^^»tnV^^ by thfLple and. applying said 

« S Sj^^M^ted from the com. ?g°iJ« ^1*^ jSSf^;^ n«m 1 
^ Tdie unit. For example, da i The method aaordi^ to Claim 1 
Sa£^rfa£alW4na^rfaprd. which comprises ap^ying said s.^ cor^ 

Sf^jSaining a proper heat balance in die feedstoA is a petroleum fraction. 
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3 The method acxording to Qaim 2 
whtfcin said signal is related to the heat 
S^cTsaid ]^ by comrolling at least 
oi» of the following, 

5 feed rste of a colce^f annsng stoc^ 

combustion air rate to a catalyst regenerator 
used in said process, 
cooimg air rate to said regenerator, 
andlSt air rate uad to transport catalyst 

10 from said regoieratcwr. 

4 The method accordii^ to any caie 
Claims 1 to 3 wherein said Hght compn^ 
components with a wavelength from 2800— 

3200a. . 

15 5 The m^od according to any oik « 
daks 1 to 3 wherein a subst^^ 
ultravic^et wavelength beam at 3022±50A 
and at least one further wavelei^ torn 
above im and below 3022A <ar above 3022 

20 and below 4500a are passed tfanmgh said 
feedscodc. . 

6 The mediod accordmg to any one ot 
Claims 1 to 3 wherein said light comprises 
a mveieiigth at 3022±:50A, 

25 7. The mcdwd according to any one of 
OainB 1 to 6 which further con^mes snb- 
iecdng said feedisatidt tti a nudcar ma^c 
resonance analysis to characterize the hydro- 
geo-cariKm groupings therein. 

30 8- A method according to daun l tor 
chaiacteriang die coking tendencies of a 
hydrocaibon material emj^oycd inaocte^tic 
cracking operation, in which the Lydjocanym 
material sample is subjected to the itoviolet 

35 spectrc^hotometnc analysis by passing light 
having a wavelengdi in the range of from 
2800A to 3200A so as to generate the signal, 
the signal this generated being empk^ to 
identify die coke deposit remaining on the 

40 catalyst after strif^ii^g thereof in the catalytic 
craddng opeiatiuu. 

9. A method of contrdling the laoccssmg 
of a faydrocariKKi-amtaining feedstock by 
analyzing a sample of the feedstock, the 

45 method comprising: 



subjecting the sample ro an ultra violet 
spectrophotometric analysis by passing light 
^OTthrou^ of a wavelength which charac- 
terizes the sample, generating a signal 
repiesentanvc of the amount of li^t trans- 
xSted from or absabcd b? the ample, and 

applying said signal to control the proces- 

lof A method according to daim 1 fof 
characterizing and controlling rfje F«»^ 
of hydrocaSoa-containing feedsmcfes sub- 
stantially as described herdnabove and shown 
in die.accompanying drawings. 

11. An apparatus fc» chaiactcnang and 
ccmcroliing the catalytic craddng of .fay to- 
carbon-containing fcedstoda by analysis of a 
sample which comprises: 

ultraviol^ spectrophoOHnetric means wmoi 
generates light of a wavdcngtli piedictiye 
of the catalytic cddng tendency of a sample 
passed threthrough and generate a signal 
repie^niative of the light transmitted from, 
or absorted by, said sample, 
nuclear magnetic resonance means which 
generates a sigffid representative of the 
hydrpgett-catboi groqpiB^s of said sample 
and, : ^ 

control means responsive to said signafi to 
vary a parameter of said catalytic crack- 
tog process. , . 

12. An apparatus for dxaractcrmng ana 
controlling the process of hydrocarbon-con- 
taining feedstocks substantially as described 
herehiabove. ^ . , i. 

13. Hydrocarbon - contaimng feedstocKS 
when processed by tiie method and/or the 
apparatus of any om of the preceding daims. 

For die Applicants, 
CARPMABLS & RANSFORD, 
Quartered Patent Agents^ 
24> Somhampton Bdldiogs, 
Chancery Lane;> 
Lcmdim, 
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3. The method according to Gaim 2 
wherein said signal is related to the heat 
bahncff of said process by controlling at leasi 
one of the following, 

5 feed rate of a coke-forming stocfc^ 

combustion air rate to a catalyst regenerator 

used in said process, 

cooling air fat£ to said regenerator, 

and iSt air rate used to transport catalyst 

10 from said r^encrator. 

4. The method according to any one of 
Claims 1 to 3 wherein said light comprises 
components with a wavelength from 2800 — 
320aA. 

15 5, The method according to any one of 
Claims 1 to 3 wherein a substantially single 
ultraviolet wavelength beam at 3022±50a 
and at least one further wavelength beam 
above 2000 aiid beldW 30221 of aboi^ 3022 

20 and below 450DA are passed through said 
feedstock, 

6. The method according to any one of 
Claims 1 to 3 wherein said light compnses 
a wavelength at 3022±:50A. 

25 7. The method aocordmg to any one of 
Qaimis 1 to 6 which further comprises sub- 
jeomg said feedstock to a nudear magnetic 
resonance analysis to characterize the hydro- 
gen-caibon groupings tbereia 

30 1 A method &a»rdxng to daim 1 for 
characteriziiig die coidng teodendes of a 
hydrocazbon material em^oyed in a catalytk 
cracking q)eration, in which the faydzDoaibon 
material sample is subjected to the ultraviolet 

35 spectrophotometric analysis by passing light 
Imvins a wavelength in the rai^ of from 
2S00A to 3200a so as to generate the s%nai, 
the sigiial thus generated being wplc^^ to 
identify the coke deposit remaining on the 

40 catal^ after stripping thereof in the catalytic 
oacjong operation 

9. A method of contncKlling the processing 
of a hydrocarbon^containing feedstock by 
analyzing a sanq)Ie of the feedstodc, the 

45 method comprising: 



subjecting the sample to an ultra violet 
spectrophotometric analysis by passing light 
therethrragh of a wavelength whidi dxarac- 
terizes the sample, generating a signal 
representative of the amount of light trans- 50 
mitted from or absorbed by the sample, and 
applying said signal to control the proces- 
sing. 

10. A method according to claim 1 for 
characterizing and controlling the processing 55 
of hydrocaifcn-coniaining feedstocks sub- 
stantially as described hereinabove and shown 

in the. accompanying drawings. 

11, An apparatus for characterizing and 
controlling die catalytic cracking of .hydro- ^ 
carbon-containing fe^stod^ by analyst of a 
sample which comprises: 

ultraviolet spectrophotometric means \rfuch 
generates light of a ^velefigth ptedicd^ 
of die catalytic coking tendency of a $an^le ^ 
passed dirtihrough and gei^rates a s^|^ 
representative of the light transmitted from^ 
or absorbed by, said saoiple;, 
nudear magn^ resonance means which 
generates a signal representative of tin 70 
hydragen-catbon groupmgs of said sample 
and» 

control means responsive to said signals to 
vary a parameter of said catalytic crack- 
ing piXKess. 75 

12. An apparatus for characterisang and 
controlling the process of bytirocaxbon<Qn- 
tamkg feedstodcs substantoUy as described 
hereinabove. 

13, Hydrocarbon - containing feedstocks 80 
when processed by the method and/or the 
af^Miatus of any one of die precedmg daims. 

For the Applicants, 
CAiyPAlAELS & RANSFORD, 
Cbartered Patent Agents, 
24, Soothan^iton BoSdiogs, 
Chancery Lane, 
Londtm, W,C2, 
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FIGURE I 

Correlation of Chorge SiocK Coktng Chorocteristics Mitti 
SinQte-W^tenqth SpedHc Extinction Coef Rcienl ot 
3022 Angstroms 
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